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I 
 
摘要 
贵金属纳米材料因为其独特的物理化学性质以及在催化、燃料电池、光学
等方面优异的性能，受到科研工作者广泛的关注。这些性能通常与贵金属纳米
晶的表/界面结构密切相关。因此，如何控制贵金属纳米材料的表/界面结构(特
别是具有高表面能的表面结构)是调控其性能的关键。此外，通过不同金属间形
成的二元或多元的纳米结构，在此基础上调节其表/界面结构、组成等将会进一
步提高其性能与实用性。本论文以 Pd、Ag 这两种贵金属为主要研究对象，从
对纳米晶表/界面结构、组成等方面对其进行调控，以改善它们的在催化、光学
方面的性能。具体内容和主要研究成果如下： 
 
第一章：简要综述了贵金属纳米晶在不同领域的重要应用，从其基本结构
特点出发阐述了影响其性能的主要因素，并简要概括了目前研究进展，阐明选
题依据和研究内容。 
第二章：发展了高指数晶面裸露的内凹 Pd 立方纳米晶的“湿”化学合成方法。
通过两种不同表面活性剂(CTAC 和 CTAB)的协同作用，通过调节两种表面活性
剂比例，可以控制所合成内凹 Pd 立方纳米晶的内凹程度，进而调节不同的{hk0}
高指数面。当 CTAC:CTAB=4:1 时所合成的内凹 Pd 立方纳米晶，在碱性环境中，
在单位表面面积上所表现出的电催化氧化乙醇活性是商业 Pd 黑的 4-6.5 倍。同
时，还表现出很好的稳定性。 
第三章：描述了如何控制 Ag 纳米片纵向生长过程。通过引入 HAuCl4，不
仅可以标记 Ag 纳米片的生长，还可以提供可以选择性钝化 Ag 纳米片的侧面的
Cl-。根据加入 HAuCl4 量的不同，Ag 纳米片可以纵向生长为削角直角双锥体或
削角孪晶立方体。 
第四章：阐述了通过湿化学法合成具有不同高指数面裸露的 Au-Pd 合金纳
米晶。通过对生长溶液中表面活性剂浓度由低到高的调节，可以实现合成的
Au-Pd 纳米晶的形貌由高表面能{110}晶面裸露的菱形十二面体(RD)到高表面能
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{221}晶面裸露的三八面体(TOH)，再到高表面能{421}晶面裸露的六八面体
(HOH)的演变。这三种不同形貌的纳米晶有相似的粒径大小及组成，可以用来
研究不同表面结构与催化反应性质之间的联系。在碱性环境中电催化氧化乙醇
试验中，催化活性与纳米晶表面能高低顺序一致，顺序为 HOH > RD >TOH；
但是在催化还原 4-硝基苯酚时催化活性顺序为 RD > TOH > HOH，说明在此催
化反应中，催化能力与催化剂表面的微结构密切相关。 
第五章：发展了一种非常有效地通过极限扩散控制合成组分可调、空间分
布均匀的合金纳米晶的策略。在该策略的指导下，成功合成了高指数晶面{hhl}
裸露、组分可调且空间分布均匀的三八面体 Au-Pd 合金纳米晶。最为重要的是，
虽然两种前驱体标准还原电势不同，但所合成的合金纳米晶的组分比例与反应
溶液中所加入的前驱体的量比例一致，并且在一定范围内可以简单改变前驱体
浓度来控制合成的合金纳米晶的组分。此外，研究了 Au-Pd 合金纳米晶组成与
性质之间的联系，在碱性环境中电催化氧化乙醇实验中，当 Pd 在合金中比例为
14.1%时，催化活性达到最高。 
第六章：阐述了合成具有内凹结构的 Ag@Au、Ag-Au 双金属立方八面体纳
米晶。当 PVP 为表面活性剂时，由于 PVP 在水中对 Ag 纳米晶表面没有选择性
吸附作用，Au 原子首先会沉积在 Ag 立方八面体的整个表面，随后，由于 PVP
选择性钝化 Au 的{111}面，新还原的 Au 原子会选择性沉积在{100}面，最后形
成{111}面内凹的 Ag@Au 纳米晶。当 CTAC 为表面活性剂时，借助于 Cl-对
Ag{100}晶面的选择性吸附，Au 原子会选择性沉积在{111}面，最后形成{100}
面内凹的 Ag-Au 纳米晶。这两种双金属内凹立方八面体纳米晶展现出极为出色
的 SERS 活性。结合{111}面内凹的 Ag@Au 纳米晶在 H2O2中有很好的化学稳定
性和 SERS 活性，可以作为一种极为出色的可以用来监测催化还原 4-硝基苯硫
酚和氧化 4-氨基苯硫酚反应的 SERS 探针。 
 
 
关键词：贵金属纳米晶；合金；高表面能晶面；电化学催化氧化反应；SERS 
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Abstract 
Noble metal nanomaterials have attracted lots of attention due to their unique 
physical/chemical properties and broad applications in catalysis, fuel cells, optics, etc. 
It has been demonstrated that the unique properties of noble metal nanocrystals are 
closely related to their surface/interface structures. Controlled synthesis of noble 
metal nanocrystals with a specific surface structure, especially surface structures with 
high surface energy, is the most effective route for the regulation of their 
performances. In addition, through fabricating of different noble metals into bi- or 
multi-metallic nanostructures and tailoring their surface structures and composition, 
their performances and versatility would be further improved. In this dissertation, Pd 
and Ag-based nanomaterials were chosen as the objects of study due to their wide 
applications in catalysis and optics. We attempt to improve their performances in 
catalysis and optics by controlling the surface/interface structures and composition of 
the Pd and Ag-based nanocrystals. The main contents of the dissertation are 
summarized as follows: 
Chapter 1. We briefly reviewed the important applications of noble metal 
nanocrystals in different fields. From the basic structure characteristics, we addressed 
the main factors that affect their performances, and meanwhile reviewed 
corresponding progresses about how to improve their performances. With an effort to 
find a much better way to improve the performance of Pd and Ag-based nanomaterials, 
research significance and research project were demonstrated. 
Chapter 2. We developed a wet chemical method for the preparation of concave 
cubic Pd nanocrystals with high energy surfaces. Through the synergism of two 
capping reagents, CTAC and CTAB, we tailored different high-index {hk0} facets 
with different degrees of concavities of as-prepared concave Pd nanocrystals by 
controlling the CTAC/CTAB ratio. It was demonstrated that the concave Pd 
nanocrystals synthesized with the ratio of CATC/CTAB=4:1 exhibited 4-6.5 times 
higher catalytic activity than a commercial Pd-black catalyst during the 
electrocatalytic oxidation of ethanol in the alkaline environment. More importantly, it 
presented good stability during the electrocatalytic oxidation. 
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Chapter 3. We demonstrated the control growth of Ag nanoplates normal to the 
plate surface. The introduced HAuCl4 in growth solution could not only mark the 
growth of Ag nanoplates, but also provide the Cl- that can selectively passivate the 
lateral face of Ag nanoplates, so that insure the vertical growth. By controlling the 
amount of HAuCl4 in the growth solution, the Ag nanoplate would growth into 
truncated right bipyramids or twinned cubes with truncated corners. 
Chapter 4. We described a wet chemical method for the preparation of Au-Pd 
alloy nanocrystals bounded by various high-energy facets. We are able to control the 
morphology of as-prepared Au-Pd alloy nanocrystals from RD with high energy {110} 
facets to TOH with high energy {221} facets and HOH with high energy {421} facets 
structures by varying the concentration of surfactant in the growth solution. 
Remarkably, these alloy nanocrystals possess almost the same size and composition 
with each other, which provide a unique opportunity to directly investigate shape-
dependent catalytic behaviors of the as-prepared Au-Pd alloy nanocrystals. These 
three types of Au-Pd alloy nanocrystals exhibited different catalytic activities, where 
the activities for the ethanol electrocatalytic oxidation in the alkaline environment 
followed the order of HOH>RD>TOH, which follows the order of their corresponding 
surface energies. However, the activities toward catalytic reduction of 4-nitrophenol 
are in the order of RD > TOH > HOH, which should be related to the local structure 
of the surfaces.  
Chapter 5. We developed limited diffusion control strategy for the synthesis of 
uniform bimetallic alloy NCs with tunable composition. Using this strategy, we 
successfully synthesized trisoctahedral (TOH) Au-Pd alloy nanocrystals enclosed by 
{hhl} high-index facets with uniform spatial distributions and different compositions. 
Significantly, the composition of the as-prepared Au-Pd alloy nanocrystals was equal 
to the ratio of the two metal precursors in the reaction solution although their standard 
reduction potential are different. Meanwhile, we can control the composition by 
adjusting the ratio of the two metal precursors in a certain range. Investigation of the 
composition-dependent electrochemical behavior towards electrooxidation of ethanol 
in the alkaline environment showed that the as-prepared TOH Au-Pd alloy 
nanocrystals containing 14.1 atom% Pd exhibited the best activity. 
Chapter 6. We described the synthesis of Ag@Au and Ag-Au concave 
cuboctahedra. When taking PVP as the capping agent, the Au atoms would deposit on 
all the facets of a Ag cuboctahedron because PVP had no selectivity in capping 
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